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Preliminary Report 
THREE-DIMENSIONAL TIC TAC TOE GAME PRODUCTION KIT 
INDUSTRIAL ARTS COURSE NUMBER 395 
Paul H. Coussens 
June 20, 1974 
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The Problem1 
Re-design and manufacture components and accessories for a Three-
Dimensional TIC TAC TOE Ga.J11e Production Kit, 1 
Purpose of the Project1 
1. To assign a new na.J11e and re-design the components of the ga.J11e 
so that the parts can be manufactured in production line pro-
cess without infringement on the original copyright by ODU 
students and Instructors. 
2. Provide the Industrial Arts Department of ODU with a production 
hit that may be used to provide students with learning exper-
iences involving industrial production line methods as well 
as individual parts production procedures. 
Research will involve1 
1. Selection of appropriate text from ODU Library concerning re-
search methods and design. 
2. Selection of proper research method or combination of methods 
best suited to the prolect. 
3. Selection of an appropriate na.J11e :fbr the kit. 
4. Determination of measurements of all parts of the original kit. 
5, Re-design and assignment of new measurements to appropriate com-
ponents so as to make manufacture as simple as possible. 
6. Investigation of local sources and costs of all desired mater-
ials. 
7, Review of drafting techniques. 2 
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8. Selection of proper views and preparation of sketches and pro-
duction drawings of components. 
9. Preparation of procedures for measuring, cutting, manufacturing, 
drilling, threading, finishing,and assembling components. 
10. Obtaining or manufacturing all components and assembly of parts. 
11. Preparation of a time chart for performing operations. 
12, Preparation of a production flow chart involving all operations. 
13. Research methods of manufacturing drilling jigs3 and manufacture 
jig for drilling holes in acrylic plastic shelves. 
14. Preparation of final written instructions for use of kit. 
Through this project, an attempt will be made to prove that an in-
expensive and useful product can be manufactured efficiently using pro-
duction line methods by students in an Industrial Arts Laboratory. 
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Reasons for selecting the problem: 
The project was selected because of its versatility of use, the many 
production processes and learning activities it offers for the second-
ary school and college student, and it provides the college instructor 
as well as the secondary school teacher with an interesting ready-made 
kit with which to provide learning experiences for the student in 
communications, manufacturing, and mass-production procedures, 
Implications for Industrial Arts: 
It not only provides a useful product for the Industrial Arts Student, 
but it gives him learning experiences in measuring, threading, cutting 
steel and acrylic plastics, drilling, manufacturing, finishing, and 
assembling components as well as participating in modern production 
line procedures. 
-l:i-
The student will construct: 
1. A drilling jig for drilling all holes in the plastic shelves of 
the kit. 
2. A complete model of the Three-Dimensional TIC TAC TOE Game with 
manufacturing and assembly instructions. 
J, An operational flow chart of the manufacturing and assembly pro-
cess. 
Research methods to be useda 
A combination of the Single Cell Survey and possible the Activity 
Analysis Methods of research will be used.1 
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BIBLIOGRAPHY 
1 McGraph, J. H., Research Methods and Design, Chapters 4 and 5. 
2 Wright, Lawerence s., Grafting, Technical Communications. 
3 Begeman, Myron L., and Amstead, B. H., Manufacturing Processes, pages 
516-517. 
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RESEARCH REPORT 
MULTI-DIMENSIONAL TIC TAC TOE GAME PRODUCTION KIT 
INDUSTRIAL ARTS COURSE NUMBER 395 
Paul H. Coussens 
July 12, 1974 
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Results of Research1 
Research was performed in accordance with the procedures set forth 
in the preliminary report. 
The Tic Tac Toe game model was analyzed, a new name was assigned, 
several dimensions were altered, a drilling jig for drilling holes in 
the shelves was designed, materials sources and prices were identified, 
required tools and materials have been procured, and a tentative flow chart 
prepared (not included in this report because its schedule will depend upon 
the timed manufacture and assembly process yet to be performed). 
No changes in the original problem was necessary. 
Drawings: 
Problems did arise in the sketching and production blue prints manufacture 
due to the lack of drafting experience during the past two years, Mr, 
Buchanan of the ODU Industrial Arts Department earned my sincere gradi-
tude for patience, and his many bits of advice and constructive criticism 
during this course. 
Jig design: 
I am also greatful to Mr. Buchanan and Mr. Deal for their %Uggestions 
on types of drilling jigs that would be appropriate, Mr. Buchanan suggest-
ed a wooden jig; Mr. Deal suggested metal. I selected metal for longer 
endurance which may have been a questionable selection. Neither Instructor's 
recommendations were followed explicitely, 
Problems: 
Problems can be expected in brazing the parts of the jig. All dimensions 
of the jig have been checked thoroughly and the dimensions as well as squar-
ing must be accurate to one thirty-second of an inch. Experimental brazing 
of a proto-type indicated that the required heat distorts the parts in ex-
cess of the maximum allowance. I propose to solve this problem by grinding 
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away the areas where the alowable tolerence is exceeded. 
Both rough sketches and production masters ( with blue prints) are 
included in this report. 
Problem versus time: 
I has been very difficult to full fill the requirements I set for my 
problem during this abbreviated course and I hope that I can meet them 
by the end of the term. 
Bibliography: 
No additional bibliography has been added. 
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MULTI-DIMENSIONAL TIC TAC TOE GAME PARTS DRAWINGS 
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DRILLING JIG PARTS DRAWINGS 
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FINAL REPORT 
MULTI-DINENSIONAL TIC TAC TOE GAME PRODUCTION KIT 
INDUSTRIAL ARTS COURSE NUMBER 395 
Paul H, Coussens 
July 16, 1974 
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A. Description of the purpose of the research: 
The purpose of the research was to develop a product similiar 
to the copyrighted Tri Tac Toe Game that would be simple to manufac-
ture using industrial production line methods by Jr, High, Senior 
High School, and College level students. It must be inexpensive 
to build, practical for recreational purposes, and be visually 
colorful and attractive as a conversation piece in the home. Even 
though the cost ($3,98) is greater than originally, the value of 
this product far surpasses the expense to produce. 
Main Features: 
Originally the Single Cell Survey was selected as one of the re-
search methods best suited for analyzing the problem, After attempt-
ing to apply the method to my research, I found that it was applica-
ble to too large an area of research than my problem required, A 
derivative of the Single Cell Survey known as the Single Cell In-
vestigation Method was then selected which fitted my need precisely. 
The Single Cell Investigation is primarily used to extract desired 
data concerning a small and specific group of humans. The same type 
of data is collected on each member of the group, 
In the research concerning this problem the Single Cell Investi 
gation technique has been applied in extracting data (such as dimen-
sions, materials, shapes, colors, similiarity of parts, peculiarities, 
relationships of parts to each other as well as to the whole product, 
etc) from the parts as well as the whole sample unit, 
The Activity Analysis Method or reasearch was applied to the in-
vestigation of the best design for a drilling rig, Considerations 
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investigated were durability, ease and simplicity of use where 
"Murphy's Law" (mistakes) is least applicable, automatic rejection 
of components exceeding specified tolerances, jig produced items are 
within accurate tolerances so that they can be used in a mass-,pro-
duction invironment. 
Activity Analysis was used to select the sequence of manufact-
uring kit parts, the number of persons assigned to each task and, in 
the assembly stage, the sequence of the assembly steps as well as the 
number of people required to perform each step. 
The result of this analysis is the Production Flow Chart located 
on page 
Limitations: 
Re~search provided me with the information that brazing heat dis-
torted the metal frame of the drilling jig, It did not provide the 
solution to preventing the distortion of the frame. However, it did 
provide the grinding solution to produce a correct fit, 
B. Description of operation of the research: 
As related in section A, page , all parts of the sample Tri 
Tac Toe game were analyzed in detail. They were measured, materials 
determined, colors, shapes, holes located and other pertinent details 
were observed and recorded. The first group of readings were of such 
odd values that a micrometer was employed to make accurate observations. 
Since the measurements were not of connonly used dimensions, and the 
assembly was of Japanese construction, it was determined that the mea-
surements were in the Metric System. Centimeters were converted dir-
ectly to inches where possible with ease, All other measurements were 
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altered to sizes that were easily used inches. 
The bolts used in the model assembly were a~ 5/32 "in dia-
meter. A check was made with every hardware, Building Supply Co., 
Steel Supply Co., Construction Steel Co., and several Hobby Shops 
in Portsmouth, Cheasepeake, Norfolk, and Virginia Beach but no round 
stock of this size was available. Three-sixteenths round stock was 
too large for the previously purchased tubing. Research revealed 
that by purchasing pre-threaded 3/16 11 round steel stock, the tubing 
would fit, This stock is plentiful locally, 
Research toward developing a drilling jig for drilling exact 
holes in 3 or more acrylic shelves simultaneously began with a 
"dreamed-up model" from my own head. After mentioning jigs to Mr. 
Buchanan, he showed me a wooden jig he had manufactured for drilling 
holes very much like the ones I wished to drill, His jig was con-
structed of wood and required that the holding blocks or the material 
to be drilled be turned or both each time a hole is drilled, This, 
in my opinion, left too much room for error and required too many 
changes, My "brain child" was to be contructed of metal and would 
involve one drill change, 
My drilling jig was to be manufactured with a solid base of one-
eighth plate steel with 3/4 angle iron spacers for guides, A tem-
plate, also of one-eighth steel plate, fit inside the frame on top 
of the material to be drilled and acts as a guide for the drill. 
My plans were discussed with Mr. Deal and he felt that the jig 
would be morerk~and heavy than was requi=ed., After accumulatinc 
most of the required materials, I agreed. Plans were then altered 
to those identified in the drawings on pages 23 through 25. The 
-31-
template is located on page 26, 
The final area of research, manufacture and assembly of the parts 
:Eor the Multi-Dimensional Tic Tac Toe Kit, involved timing the fa-
brication of each part and perfecting the assembly time and procedure 
for the kit by checking the actual operations, The number of students 
required to perfonn each operation is based upon times recorded for 
the operation and calibrated (as far as possible) to have each pa.rt 
arrive at the proper assembly stage at the most expeditious time. 
Since we are dealing with humans and the production schedule is still 
unvalidated, except by research, the data is guess work, 
C, Charts and performance data on the research: 
The charts consists of sketches, production drawings, and pro-
duction blueprints shown on pages 5 through 26 of the Research Report. 
The flow chart is attached as page The performance data is con-
tained in the flow chart and the cost sheet located on the following 
page. 
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M-D Tic Tac Tpe Game Parts 
Cost Sheet 
No, Nomenclature Supply Unit Total 
Reg. Source Cost Cost 
4 Bolts, steel Renolds Hardware $,094 $ ,38 
8 Nuts, Cap, steel Any Hardware .10 .80 
8 Tubing Acrylic (Plastic) IAD, ODU ,04 ,32 
13 Shelves, Acrylic IAD, ODU .36 1.08 
27 Marbles Most Hobby Centers ,0.52 1.40 
Total $3.98 
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D. No additional references materials were used. 
E. Personal evaluation of problem: 
The problem is an excellent exercise providing valuable exper-
ience in design analysis, material identification, selection, and 
dimensioning, drafting techniques, design development, motion study, 
selecting and utilizing various research methods, production and 
assembly sequences, cost evaluation and materials source identi-
fication. 
Recommendations for further study: 
The following recommendations are submitted: 
1. Evaluate the design of the drilling jig with the intent to 
improve its efficiency and reduce its weight. 
2. Perform an operational time study on both the construction 
and the assembly phases of the Kit to determine the time required 
for students to complete their operations. At least six classes 
should be timed. Adjust the number of students performing each 
operation in accordance with the time required to provide the most 
efficient flow of production toward a completed unit. 
J. If an evaluation indicates a need, additional drilling jigs 
should be manufactured. At least three jig are necessary if the 
drill presses are available. 
4. Other like components that may provide good subjects for 
Production Kits should be investigated and evaluated. 
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